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Abstract. Introduction: The continuous appearance of new restorative materials, especially 
from the composite resins class, and the development of the correspondent adhesive systems has 
brought major changes about the way in which cavities are being prepared. Thus, a big part of the 
restorative therapy in modern dentistry is based on the composite resins adhesion to the hard dental 
tissues, achieved through adhesive systems. The purpose of the present study was to evaluate the 
adhesion strength to the dentin of four commercial adhesive systems. Experimental: Twenty primary, 
caries-free and without previous restorations, molars and premolars were used in the study. For testing 
we used three total-etch adhesives and a self-etch one. In order to obtain standard samples, a Teflon® 
mould was designed and manufactured, which helped us to apply the same resin volume on the same 
dentin surface for all the teeth used in this test. Results: Statistical analysis was completed using one-
way ANOVA, Tukey and Bonferroni tests. Significantly differences were observed between 
Point4®/Optibond SoloPlus® and the rest of the samples, the former achieving higher values. 
Conclusions: The self-etch adhesive system did not match the performances of the total-etch 
adhesives, at least not in this study. 
 




The apparition and development of the adhesive techniques in dental medicine, 
allowed the use of new methods and techniques in dental restoration, the most conservative 
branch from medical sciences. Thus, the Black’s cavity preparation principles, which 
represented the foundation of the restorative therapy for the most part of the last century, 
could be modified in order to preserve a larger quantity of sound dental tissue (Swift et al., 
1995). Composite restorations based on adhesive techniques, are used in present to substitute 
the dental structures affected by caries, to rebuild the fractured teeth or to modify the shape 
and colour of the teeth.  
At the beginning, due to the hydrophobic properties of the dental adhesives, only 
adhesion to enamel was accomplished, because of because this tissue could be dried. But 
lately, the developments in this field allowed to obtain composite resins bonding to the dentin 
too (Perdigao et al., 1999). 
Acid etching has represented the beginning of the composite resins adhesion to enamel 
techniques development, because it changes its smooth surface in an irregular one. After 
rinsing and drying the etching agent, a fluid resin is applied, whose monomers, through the 
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capillarity phenomenon, penetrate into irregularities created by the etching agent. After the 
monomer polymerization, a micromechanical link is created between the composite resin end 
enamel, which represents the basis of composite resins adhesion to enamel (Grégoire et al., 
2007).  
Unlike enamel, which is an inorganic tissue and can be easily dried, dentine is an 
organic tissue with a tubular network connected to the dental pulp (Marshall et al., 1997). The 
pressure gradient between the pulp chamber and the dentine surface, permanently eliminate 
the pulp fluids to the dentine surface, making it very difficult to dry. Therefore, dentine 
humidity represents an obstacle for resin monomers to fill the spaces created by the acid 
etching, which are filled faster by the intrinsic water (Ciucchi et al., 1995). 
Another obstacle in achieving a strong adhesion to dentin, beside its humidity is the 
smear layer, resulted on the dentine surface after the cavity preparation. This smear layer fills 
the tubules holes, reducing dentine permeability by even 86% (Pashley et al., 1978). 
Therefore, modern adhesive systems are divided in two categories, by the way they interact 
with the smear layer: 
• Adhesive systems which use acid etching to remove the smear layer from the dentine 
surface;  
• Adhesive systems which include the smear layer in the hybrid layer (Munck et al., 
2005). 
The purpose of this study was to evaluate the bond strength of three commercial 
adhesive systems with the recommended composite resins, from the same manufacturer, and a 




Twenty primary, caries-free and without previous restorations, molars and premolars 
were used in the study. All teeth were thoroughly cleaned immediately after extraction and 
stored in an aqueous solution of 9 % NaCl for up to six months. For testing we used the 
following adhesive systems with their associated composite resins: Optibond SoloPlus® and 
Point4® (Kerr/SDS), Admira Bond® and Admira® (Voco), One Coat SE® Bond and Synergy® 
(Coltene/Whaledent) and Dentadez®, and Radopacril®, (ICCRR-“Raluca Ripan” Chemistry 
Research Institute). From these adhesive systems, Optibond SoloPlus®, Admira Bond®, and 
Dentadez®, are total-etch adhesives, and OneCoat SE Bond®, is a self-etch adhesive. The 
total-etch adhesives are monocomponent, while OneCoat SE Bond®, is a bicomponent system, 
constituted from a primer and an adhesive. 
The teeth were sectioned at coronary level, exposing the dentin surface, using a water-
sprayed, high-speed hand piece with new diamond discs (Edenta®). Then the teeth were 
cleaned and dried. In order to obtain standard samples, a Teflon® mould was designed and 
manufactured, which helped us to apply the same resin volume on the same dentin surface for 
all the teeth used in this test. 
The mould is composed from a parallelepiped of 20 mm width which can be 
disassembled in two parts, fixed to a metal base which gives its stability, by metallic rods 
which are going through the four corners. The parallelepiped is filled with self-curing acrylic 







Table 1  
Adhesive systems composition 
 
Adhesive System Composition 
Optibond 
SoloPlus® 
BHT, Camphorquinone, Ethanol, HEMA, GPDM, fumed silica, NaSiF, barium 
aluminoborosilicat, BisGMA, ODMAB 
OneCoat SE 
Bond® 
Primer: apa, HEMA, dimetacrilati, polyalkenoate methacrylized acrylamidosulfonic acid 
Adhesive: HEMA, dymetacrilates, UDMA, initiators 
Admira Bond® Acetone, bonding ormocer, dimetacrilati, functionalizing methacrylates, camphorquinone, BHT 
Dentadez® BisGMA, TEGDMA, Camphorquinone 
Bis-GMA: bis-fenol A diglicidilmetacrilat, HEMA – 2-hidroxietil metacrilat, TEGDMA – 




Composite resins composition 
 
Composite 
Resin Organic natrix Inorganic Filling 
Point 4®  Bis-GMA, UDMA, EBADMA, TEGDMA Barium aluminoborosilicate 
Synergy® Bis-GMA, Bis-EMA,TEGDMA Strontium glass, barium glass, amorphous 
silica 
Admira® Ormocer, aliphatic and aromatic dimethacrylat Glass ceramic 
Radopacril® Bis-GMA, TEGDMA, DMAEM Strontium glass, colloidal silica 
Bis-GMA: bis-fenol A diglicidilmetacrilat, HEMA – 2-hidroxietil metacrilat, TEGDMA – 
trietilenglicoldimetacrilat, UDMA – uretandimetacrilat, DMAEMA – dimetilaminoetilmetacrilat, Bis-EMA – 






Fig. 1. The mould base Fig. 2. The root fixation 
spac 
Fig. 3. The upper plat Fig. 4. The assembled 
mould 
 
After the fixation, a thin layer of dentin was removed using wet sandpaper in a circular 
motion to create a fresh tooth surface. The teeth were rinsed and dried. On top of this 
parallelepiped two Teflon® plates were attached, with a rectangular piece cut in the middle, 





Fig. 5. The mould with resin Fig. 6. The tooth in position for root fixation 
 
The assembled plates were in intimate contact with the dentinal surface of the 
sectioned teeth. The dentinal surface was acid etched with phosphoric acid 37% (Etching Gel, 
SDI), for 20 sec, then rinsed for 20 sec and air dried for 15 sec, excepting for the OneCoat SE 
Bond, which were dried using a cotton pellet. Afterwards the adhesive system was applied, 
according to the manufacturer indications, which was polymerised for the indicated period of 
time. After that the composite resin was applied, in 2mm increments, successively 
polymerized. The polymerization was performed using a 3M® XL 2500 polymerization lamp. 
After the sample were obtained, the mould was disassembled, and the samples kept in an 
aqueous solution of 9 % NaCl for 48 hours. Afterwards, the samples were tested for MTSB 
using a universal testing machine, INSTRONE® type (VEB Thürignger Industry Werk 




Statistical analysis was completed using one-way ANOVA, Tukey and Bonferroni 
tests. By calculating the mean values and the standard deviation of the obtained results (table 
3), we can ascertain the homogeneity of the results, in the same sample group. 
 
Table 3  
Mean values and standard deviation 
 
Composite resin/adhesive system Mean value Standard deviation 
Point4®/Optibond SoloPlus® 20,8120 1,84432 
Admira®/Admira Bond® 14,7360 1,00006 
Synergy®/OneCoat SE Bond® 10,1940 0,85269 
Radopacril®/Dentadez® 10,3920 1,64940 
 
The tensile strength was selected as the variable value for the analysis. Significantly 
differences were observed between Point4®/Optibond SoloPlus® and the rest of the samples, 
the former achieving higher values. Also significantly differences were noted between 
Admira®/Admira Bond® and the rest of the samples, the tensile strength values being lower 
than those recorded for Point4®/Optibond SoloPlus®, but better than the rest of the groups. 
Between the results recorded for Radopacril®/Dentadez® and Synergy®/OneCoat SE Bond® 
no significant differences were noted and the results were lower than those recorded for 
Point4®/Optibond SoloPlus® and Admira® /Admira Bond®. Also, we ascertained that 








Tukey test results 
 
Reference sample  Sample Mean Difference Std. Error 
Admira® / Admira Bond®  0,05466000(*) 0,00797539 
Synergy® / OneCoat SE Bond®  0,09552000(*) 0,00797539 
Point4® / Optibond Solo Plus® 
Radopacril® / Dentadez Foto®  0,09376000(*) 0,00797539 
Point4® / Optibond Solo Plus® -0,05466000(*) 0,00797539 
Synergy® / OneCoat SE Bond®  0,04086000(*) 0,00797539 
Admira® / Admira Bond® 
Radopacril® / Dentadez Foto®  0,03910000(*) 0,00797539 
Point4® / Optibond Solo Plus® -0,09552000(*) 0,00797539 
Admira® / Admira Bond® -0,04086000(*) 0,00797539 
Synergy® / OneCoat SE Bond® 
Radopacril® / Dentadez Foto® -0,00176000 0,00797539 
Point4® / Optibond Solo Plus® -0,09376000(*) 0,00797539 
Admira® / Admira Bond® -0,03910000(*) 0,00797539 
Radopacril® / Dentadez Foto® 
Synergy® / OneCoat SE Bond®  0,00176000 0,00797539 




Flexural strength represents an accepted method for comparative evaluation of the 
adhesion of different adhesive systems at hard dental tissues. It doesn’t represent an accepted 
method for absolute adhesion evaluation because of the large surfaces involved. These large 
surfaces may result in false values due to bonding imperfections, which inherently appears the 
adhesive system application. 
Consequently voids and areas of imperfect infiltration of the resin monomers may 
appear which can cause an uneven distribution of the forces at the level of the tested surface, 
with force concentration in certain areas (Van Noort et al., 1989, Sudsangiam et al., 1999). 
For this reason, another adhesion testing method has been developed, a method which 
involves very small areas, less than 1mm square. These small surfaces may result in more 
realistic adhesion values without interferences due to force distribution on the tested surface 
(Sano et al., 1994). Anyway, tensile bond strength still remains an excellent method for 
adhesion comparison between different adhesive systems. Those results were validated by 
clinical trials, especially noticed in the evolution of the adhesive systems between the second 
and the fourth generation. 
The tensile bond strength depends on the resistance of the adhesive resin and the 
formed hybrid layer, because anterior studies confirmed that the dentin and composite resin 
have higher tensile strengths (Placidoa et al., 2007). 
One of factors that influence the bond strength is the solvent used in the primer 
composition. Bond strengths depend on a proper combination between surface moisture, 
monomer and solvent (Reis et al., 2003, Jacobsen, et al., 1998). High bond strengths are 
recorded when spaces between the collagen fibrils are wide and completely infiltrated with 
adhesive resin (Carvalho et al., 2003). Optibond SoloPlus® has ethanol as solvent in his 
composition. Ethanol requires a surface with less moisture than acetone, used in Admira 
Bond®. Hence, Optibond SoloPlus® has an extended working time, because ethanol has a 
slower evaporation rate than acetone. Also, is well known the dentists tendency to over dry 
the dentin. Due to the wetter surface required by acetone to achieve high bond strengths and 
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stability over time, this fact represents an advantage for the adhesive systems based on ethanol 
(Reis et al., 2003, Jacobsen, et al., 1998) 
Hence, the best results were obtained by the adhesive system containing ethanol, even 
it was demonstrated by earlier studies that dentin chemically dehydrated by acetone has a 
higher stiffness, so, a greater resistance to tensile forces (Maciell et al., 1996). But, the lower 
results obtained with these adhesive systems can be explained by the difficulty to realize the 
proper wetness on the dentine surface required for maximum efficiency of these adhesive 
systems. If the dentine moisture is too much or too little, a suboptimal infiltration of the 
collagen network occurs, resulting in a porous hybrid layer, with entrapped residual water 
(Wang et al., 2003, Tay et al., 1996). This residual water is interfering with the 
polymerization process, resulting in a lower conversion rate of the resin monomers. A lower 
conversion rate means an increasing quantity of residual monomers and a lower resistance of 
the hybrid layer (Cadenaro et al., 2005). Also, the residual water initiate the hydrolytic 
degradation of the collagen fibrils and has a plasticizing effect on the adhesive resin, creating 
circulation pathways within the hybrid layer, the so called water trees, which have a negative 
effect on the bond strength (Tay et al., 2003). 
The evaporation rate has an influence on the viscosity of the adhesive resin, which at 
its turn is influencing the adhesive capacity to infiltrate the demineralizated dentin. Acetone is 
rapidly evaporated, increasing the adhesive viscosity. This increased viscosity and the reduced 
quantity of solvent remained to remove the water from the demineralizated dentin, leads to the 
formation of a less homogenous hybrid layer, with a reduced resistance. In exchange, ethanol 
has a slower evaporation rate, so the adhesive system is maintaining its composition over a 
longer period of time on the dentine surface, allowing a better infiltration of the collagen 
network with resin monomers (Ikeda et al., 2005). 
Dentadez® doesn’t contain any solvent or hydrophilic monomers. Hence, his 
application requires a dry surface. But drying the dentine leads to the collapse of the 
demineralised collagen network. Also, the water removal allows the formation of H bonds 
between collagen molecules, which before that created H bonds with the unbound water. This 
water evaporation increases the collagen molecules density, leading to a decrease of the 
molecular flexibility (Rosenblatt et al., 1994). Hence, collagen dehydration leads to stiffness 
increase (Maciell et al., 1996). The collagen stiffening in a collapsed state is reducing 
interfibrilar spaces to a minimum; thereby their infiltration with adhesive resin, especially in 
case of Dentadez®, which contains a large quantity of Bis-GMA, a monomer with large 
molecular mass, is very difficult. Therefore, the achieved adhesion values reflect only the 
adhesion given by surface forces, the micromechanically adhesion being very small.  
One Coat SE Bond® being a self-etch adhesive system doesn’t remove the smear layer 
from the dentine surface. Even more, because it has a pH around 2, it doesn’t completely 
dissolve the smear-layer and smear-plugs from the dentinal tubules, it only partially 
demineralizes them (Tay et al., 2001). Many studies have showed that when we have a thick 
smear-layer, acidic monomers are partially buffered by the inorganic component of the smear-
layer, therefore when those monomers reach the sound subjacent dentin layer they don’t have 
the acidity required to properly etch her. Thus, the resin monomers are only infiltrating the 
smear-layer, and the adhesion is in fact the adhesion of the smear-layer to dentin (Oliveira et 
al., 2003). Even more, because of the hydrophilicity of those monomers, they act as a 
semipermeable membrane, absorbing water during curing (Tanaka et al., 1999, Tay et al., 
2002). The low pH of this adhesive system is making it hydrolytically unstable, because of the 
methacrylic components (Nishiyama et al., 2004, Salz et al., 2005). This hydrophilic 
character leads to nanometric voids in the hybrid layer (Sano et al., 1995), which creates the 
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condition for the apparition of circulation pathways for water, the so called water trees (Tay et 
al., 2003). This water movement leads to resin plasticization, hydrolytic degradation of 
collagen and reduction of bond strength (Hashimoto et al., 2003). 
Another influencing factor for the created bond between the composite resin and 
dentin is the mechanical resistance of the adhesive. Adhesive systems are with or without 
inorganic filler. This inorganic filler, of nanometric size recently, has been added to increase 
the mechanical resistance of the adhesive, and to better control his viscosity. This increased 
resistance of the adhesive system allows a thicker adhesive layer on the dentine surface, and 
due to the lower modulus of elasticity it neutralizes some of the forces applied on the 
composite resin. Adhesive systems without inorganic filler have to be applied in thinner 
layers; thereby any cracks developed in the hybrid layer can’t propagate through the adhesive 
layer, and are blocked by the composite resin or dentin (Say et al., 2006). Optibond SoloPlus® 




The self-etch adhesive system did not match the performances of the total-etch 
adhesives, at least not in this study. The cause could be the incapacity of self-etch adhesives 
to form a homogenous hybrid layer on the sound dentin surface, under the infiltrated smear-
layer. 
In order to obtain a good adhesion, is very important to adapt the adhesive system 
composition to the substrate characteristics, the hydrophilicity of the dentin in this case and 
the difficulty to estimate the wetness of its surface in clinical conditions. From this point of 
view, Dentadez® with his hydrophobic monomers is not adapted for use on dentine, therefore 
it has worse results than the rest of the total-etch adhesives. Using inorganic filler in the 
adhesive composition is increasing the hybrid layer mechanical resistance. So, Optibond 
SoloPlus® has obtained the best adhesion values in tensile tests. 
 




1. Cadenaro, M. F. Antoniolli, S. Sauro, F.R. Tay, R. Di Lenarda, C. Prati, M. Biasotto, L. Contardo, L. 
Breschi (2005). Degree of conversion and permeability of dental adhesives.  Eur J Oral Sci. 113:525-530. 
2. Carvalho, R.M., J.S. Mendonca, S.L. Santiago, R.R. Silveira, F.C.P. Garcia, F.R. Tay, D.H. Pashley 
(2003). J Dent Res. 82:597-601. 
3. Ciucchi, B., S. Bouillaguet, J. Holz et al. (1995). 
4. De Munck, J., K. Van Landuyt, M. Peumans, A. Poitevin, P. Lambrechts, M. Braem, B. Van Meerbeek 
(2002). J Dent Res. 84:118-132. 
5. Grégoire, G., Y. Ahmed (2007). 35:388–397.  
6. Hashimoto, M., H. Ohno, H. Sano, M. Kaga, H. Oguchi (2003). Biomaterials 24:3795-803.  
7. Ikeda, T., J. De Munck, K. Shirai, K. Hikita, S. Inoue, H.Sano, P. Lambrechts, B. Van Meerbeek 
(2005). Dental Materials 21:1051-1058. 
8. Jacobsen, T. K.J. Soderholm (1998). 11, 225-81. 
9. Maciell, K.T., R.M. Carvalhol, R.D. Ringle, C.D. Preston, C.M. Russell, D.H. Pashley (1996). J Dent 
Res 75(11):1851-1858. 
10. Marshall, G.W., S.J. Marshall, J.H. Kinney et al. (1997). 25, 441–50.  
11. Nishiyama, N., K. Suzuki, H.Yoshida, H. Teshima, K. Nemoto (2004). Biomaterials, 25, 965-9.  
12. Oliveira, S.S., MK. Pugach, JF. Hilton, LG. Watanabe, SJ. Marshall, GW. Marshall Jr (2003), Dental 
Materials, 19, 758–67.  
13. Pashley, D.H., MJ. Livingston, JD. Greenhill, (1978). 23, 807–10.  
14. Perdigao, J., M. Lopes, (1999). 20, 1151–64.  
 195 
15. Placidoa, E., JBC. Meiraa, RG. Limab, A. Muencha, RM. de Souzab, RY.Ballester (2007). Dental 
Materials, 23, 1086-1092.  
16. Reis, A., AD. Loguercio, CLN. Azevedo, RM. Carvalho, JM. Singer, RHM. Grande (2003). J Adhes 
Dent, 5,183-192.  
17. Rosenblatt, J., B. Devereux, DG. Wallace (1994). Biomaterials, 15, 985-995.  
18. Sano, H., T. Shono, H. Sonoda, T. Takatsu., B. Ciucchi, R. Cavallo, D. H. Pashley (1994), Dent. Mater., 
10, 236-240.  
19. Sano, H., M. Yoshiyama, S. Ebisu, MF.Burrow, T.Takatsu, B.Ciucchi, et al. (1995). Oper Dent, 20, 
160-7.  
20. Salz, U., J. Zimmermann, F. Zeuner, N. Moszner (2005), J Adhes Dent, 7, 105-16.  
21. Say, E.C., M.Nakajima, P.Senawongse, M.Soyman, F.Ozera, M.Ogata, J.Tagami (2006). Journal of 
Dentistry, 34, 283-291. 
22. Sudsangiam, S., R. Van Noort (1999). J. Adhes. Dent. 1, 57-67. 
23. Swift, E.J., J. Perdigao, HO. Heymann. (1995)., Quintessence Int 26, 95-110.  
24. Tanaka, J., K. Ishikawa, H. Yatani, A. Yamashita, K. Suzuki (1999), Dent Mater J 18:11-8.  
25. Tay, F.R., JA. Gwinnett, SH. Wei (1996), Am J Dent, 9, 161-6.  
26. Tay, F.R., DH. Pashley (2001), Dental Materials, 17, 296-308.  
27. Tay, F.R., DH. Pashley, M. Yoshiyama (2002). J Dent Res, 81, 472-6.  
28. Tay, F.R., M.Hashimoto, DH. Pashley, MC.Peters, SCN.Lai, CK.Yiu, et al. (2003). J Dent Res. 82, 
537-41. 
29. Van Noort, R. S. Noroozi., IC. Howard, G. Cardew (1989). J. Dent. 17:61–67. 
30. Wang, Y., P. Spencer (2003). J Dent Res, 82, 141-5. 
